This paper investigates whether acquisitions involving public high technology firms are best understood in terms of acquirers taking over firms with 'superior' innovation performance to access their assets, or acquiring firms with 'inferior' innovation performance to turn them around. Innovation performance is proxied by R&D-intensity (R&D expenditure over assets), patent-intensity (patents per US$million of assets), i.e. the R&D productivity of a firm's assets, and the patent stock, i.e. the accumulated R&D output. We find substantial overlaps between target and nonacquired firm characteristics. Nevertheless targets have a relatively high R&D-intensity and a large patent stock, which is consistent with acquirers targeting firms with a superior innovation performance. However, these targets have significantly lower pre-acquisition patent-intensity and hence a lower R&D productivity. The targets are also experiencing weak financial performance. Our results are consistent with a selection process in which acquirers seek out firms that have a superior past innovation performance, but that are failing in terms of recent R&D productivity and financial performance. A comparison of the performance of the targets with their acquirers reinforces this conclusion.
Introduction
Preferences and motives driving actions are frequently not directly observable. Researchers might, however, be able to elicit them from observing the behaviour of the organisations in which they are formed. In this paper we attempt to infer the acquisition motives of high technology acquirers by analysing their revealed preferences in terms of the companies they acquire.
1 For this purpose, we investigate the characteristics of the firms acquired in acquisitions involving publicly traded high technology firms and we ask whether this group of acquisitions are best understood in terms of two alternative innovation-centred explanations.
The first explanation we call 'the search for superiority', according to which acquirers are motivated by the objective of acquiring firms with superior innovation performance relative to their industry counterparts. This explanation draws upon the resource-based view of the firm (Barney, 1986 (Barney, , 1991 Dierickx and Cool, 1989; Penrose, 1959; Wernerfelt, 1984) , and implies that acquisitions have a value creation potential for acquirers by permitting them to internalise valuable external resources and capabilities. It is also consistent with Blonigen and Taylor's (2000) finding that electronic and electrical equipment firms used acquisition as a substitute for in-house research and development (R&D). In fact, Blonigen and Taylor stress the importance of research to uncover targets' innovative characteristics to fully understand their finding that acquirers have a significantly lower R&D activity.
The second explanation we call 'the search for inferiority', according to which acquirers are motivated by the objective of acquiring firms with inferior innovation performance, relative to both their industry counterparts and their acquirers, in order to turn them around. This explanation has its origins in the traditional market for corporate control theory, which states that competition in product and capital markets ensures that poor performers in economic or stock market terms will be eliminated from the market place (Manne, 1965; Singh, 1975 Singh, , 1992 . It is, however, taken forward from its standard form in the economics literature by being grounded in an interpretation focussing on high technology sectors and innovation-related firm attributes.
This paper contributes to our understanding of the acquisition phenomenon by integrating two different streams of earlier work on acquisitions. On the one hand, a number of management studies argue and find supportive evidence for the view that high technology firms rely heavily on the acquisition of entrepreneurial start-ups and spin-offs to source technological knowledge externally (Desyllas and Hughes, 2008; Dushnitsky and Lenox, 2005; Granstrand and Sjolander, 1990; Puranam et al., 2003) . Although this view seems reasonable on the basis of behavioural and other advantages of small entrepreneurial firms in the innovation process (e.g. Williamson, 1975; Zenger, 1994) , there is no evidence for the validity of this claim for acquisitions of relatively large publicly traded targets.
On the other hand, several economics studies that analyse the incidence of acquisition employ samples of publicly traded targets and focus on target financial characteristics and share price returns (Agrawal and Jaffe, 2003; Ambrose and Megginson, 1992; Dickerson et al., 2002 Dickerson et al., , 2003 Hasbrouck, 1985; Hughes, 1993; McConnell and Martin, 1991; Morck et al., 1988; Palepu, 1986; Powell, 1997) . A number of these studies aim at testing the validity of the market for corporate control hypothesis. However, they do not account for target innovative characteristics. Only Hall (1999) includes these in her investigation of target characteristics their R&D-intensity (stock of R&D over assets), but she employs 1 This paper is not concerned per se with the motives of the owners of the target company for selling out to the bidder. A bid will be accepted where the shareholders believe that the price they are offered for their shares yields a value higher than they expect to get by retaining them. We instead use target characteristics to reveal the normative preferences of the firms who buy them. For a recent review of the circumstances under which the normative preferences of buyers are reflected in their revealed preferences see Beshears et al. (2008) and for a recent application in the finance literature see Philippon (2004) . a sample from a wide cross-section of manufacturing US acquisitions during the period [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] . Using aggregate data from a wide cross-section of industries might mask a differing relationship between acquisitions and innovative activity that is likely to hold between high-tech and non-high-tech firms. Moreover, R&D alone ignores efficiency considerations, as it does not tell us anything about how successfully a firm transforms each dollar spent on R&D into new inventions. However, in her paper, Hall also refers to Addanki's (1986) unpublished doctorate thesis where, using a sample of 116 acquisitions by high technology US public firms from 1977 to 1984, he finds that firms that do R&D but have no or a few patents are likely to be acquisition targets.
In this paper we address these gaps in previous research and focus on the comparative innovation characteristics of targets in acquisitions involving publicly traded high technology firms. We compare the innovation performance of targets with non-acquired firms and support this with a comparison of targets with their acquirers. Innovation performance is assessed in terms of a firm's R&D-intensity (measured by the ratio of R&D expenditure to total assets), its patent-intensity (measured by successful patent applications per US$million of total assets), which we interpret as the R&D productivity of a firm's assets, and its patent stock (calculated using the perpetual inventory formula), which we interpret as the accumulated output of a firm's R&D. The analysis is conducted on the basis of a large sample of high technology acquisitions during the period from 1984 to 1998 in the USA.
Although our analysis shows that there is a large overlap in the R&D, patenting and financial performance characteristics between targets and non-acquired companies, some significant differences between these groups are nonetheless present. Our results show that targets are, compared with non-acquired firms, performing relatively well in terms of R&D-intensity. They also show that targets have a relatively large patent stock. However, compared with non-acquired firms, targets are more likely to have a zero or low preacquisition patent-intensity. We also find that targets tend to be somewhat larger than nonacquired firms, and that they are relatively more likely to experience poor profitability and low liquidity in the immediate pre-bid period. In sum, compared with non-acquired companies, the targets are experiencing short-term financial and patent-intensity performance but have relatively good R&D-intensity and patent stock characteristics. When we compare targets with their acquirers we find that targets have comparable R&D-intensity to their acquirers, but a significantly smaller patent stock and lower patent-intensity. They also appear to be growing at a slower pace, to have poor growth prospects and to be less profitable. The comparative financial and growth characteristics of targets, of acquirers and of non-acquired firms are consistent with previous studies of the market for corporate control. These suggest weak discrimination (substantial overlaps between these groups) but with some evidence of short run underperformance attracting takeover bids (see, in particular, Cosh and Hughes, 2008; Dickerson et al., 2002 Dickerson et al., , 2003 Hughes, 1993; Singh, 1975) . In relation to innovation indicators, however, the picture is more nuanced. Once again there is substantial overlap in innovation characteristics between the groups, but targets nonetheless have a good past record in terms of R&D-intensity and patent stock compared with other potential targets. In that sense they are superior rather than inferior performers. However, they are experiencing short-term weaknesses in terms of their patent-intensity, which is consistent with a selection process similar to that revealed by the financial performance of these firms.
The remainder of this paper is organised as follows. The next section develops the theoretical background of this study. Section 3 describes the data and the methodology employed. Section 4 presents the empirical results from the analysis. Finally, Section 5 summarises the main findings and presents the conclusions that can be drawn from the analysis of the paper.
Theoretical background
The average characteristics of large samples of acquisitions represent the aggregation of very different motives and outcomes (Hughes et al., 1980; Bower, 2001; Mueller, 2003) and explanations for their rationale may encompass various individual motivations and the outcomes associated with them. Our concern here is not to mount a uni-causal model of acquisitions, which rules out variations in motivations. Instead it is to analyse, in the particular case of innovation-related characteristics grounded in high technology industries, whether the acquisition phenomenon in aggregate is best understood in terms of one of two alternative explanations. These explanations, which we term the search for superiority and the search for inferiority, respectively, have roots in two rather distinct literatures, which we discuss in the next section.
The search for superiority
Since Penrose's (1959) seminal contribution, the academic debate about the sources of a firm's competitive advantage has largely concentrated on the role of the resources and capabilities it possesses (Barney, 1986 (Barney, , 1991 Dierickx and Cool, 1989; Wernerfelt, 1984) . The resource-based view of the firm explains sustainable competitive advantages and economic rents on the basis of sustainable heterogeneities across firms in resources and capabilities that are rare, non-imitable and non-substitutable. Heterogeneities cannot be reversed in the short-run because strategic resources and capabilities cannot be bought in open markets, their internal accumulation requires time and it is hampered by path dependencies (Barney, 1986; Dierickx and Cool, 1989; Teece et al., 1997) . Under this perspective, an acquisition strategy can be used to access other firms' resources and capabilities for the purpose of garnering otherwise unavailable competitive advantages and values to the firm. In knowledge-intensive high technology industries in particular, where knowledge has been identified as the most important strategic resource (Grant, 1996; Kogut and Zander, 1992) , the acquisition of technological knowledge is likely to be a prime acquisition motive.
An acquisition can also be the preferred strategy for developing new knowledge because it is likely that with the ongoing exploitation of a firm's technology base, technological exhaustion occurs from the combination of existing forms of knowledge (Fleming, 2001; Kim and Kogut, 1996) . It is argued that acquisitions can be employed as a means of technological renewal and of revitalising the knowledge base of the firm (Capron and Mitchell, 1998; Vermeulen and Barkema, 2001) .
Even in cases where the desired resources or capabilities can be developed internally, acquisitions can be the preferred strategy representing a less risky and faster way of exploiting commercially viable innovation-related assets (Chakrabarti et al., 1994; Francis and Smith, 1995) . Without overlooking the post-acquisition integration difficulties (Haspeslagh and Jemison, 1991; Puranam et al., 2003) , if successfully completed, an acquisition can be seen as a less risky strategy, as some uncertainty inherent in the innovation process is resolved before the acquisition time (Arrow, 1962; Pavitt, 2005 ). An acquisition-intensive strategy can then be understood in a real option framework (Dixit and Pindyck, 1994) . The decision not to invest in risky R&D projects is the equivalent of getting the right to acquire the winner in an innovation race after uncertainty has been resolved. Also, acquisitions have the advantage that acquired companies have track records that can be analysed to make financial projections for future costs and expected performance (Hitt et al., 1996) . An acquisition is a faster strategy when in-house R&D and the commercialisation of its output require complementary assets that a firm does not possess (Teece, 1986) , or when the target is further along the learning curve of a particular knowledge field. The time advantages of acquisitions are confirmed by Danzon et al. (2004) , who find evidence that acquisitions are employed by pharmaceutical firms as a quick reaction to short-falls in their R&D pipeline.
The common element in these approaches is the idea that acquirers will seek out opportunities to improve or overcome shortcomings in their own performance and innovative capacity by seeking targets with superior knowledge or performance, or will try to avoid risky in-house investment in R&D by acquiring firms which have successfully completed innovation programmes and represent the winners of innovation races. Thus acquired or target firms should, when compared with other non-targeted firms, demonstrate superior innovation performance in terms of R&D-and patent-intensity and patent stocks.
The search for inferiority
We focus here on the theory of the market for corporate control, which is one of the most frequently cited approaches in the economics literature on acquisitions.
The market for corporate control theory, first developed by Manne (1965) , states that in the absence of effective competition in product markets inefficient firms will be eliminated by the transfer of the control of their assets to superior managers via takeover and merger (Singh, 1975 (Singh, , 1992 . The market for corporate control is thus viewed as an arena in which managerial teams compete for the rights to manage corporate assets ensuring that assets are shifted to their most efficient uses or management (Jensen and Ruback, 1983; Jensen, 1986) .
1 Our focus on acquisitions in high technology industries and the link between innovation and economic performance in them (Cosh et al., 1996; Franko, 1989; Geroski et al., 1993) leads us to recast this approach in terms of the dynamic efficiency of firms measured by their innovative performance rather than their technical efficiency, which is typically captured in the market for corporate control literature by measures of financial returns. From an innovation perspective the market for corporate control should work to transfer control from poor innovation performers to superior innovation performers. For an example of a related but separate approach that argues that firms with excess resources and management skills buy weaker firms and then use the acquirer's excess resources and skills to improve the performance of the target see Jensen and Ruback (1983) , Capron and Mitchell (1998) , Mueller and Sirower (2003) . In a similar vein Morck and Yeung (1992) argue that certain assets, and particularly intangible assets such as technical knowledge, are better exploited by acquisition to 'internalise' the activity inhibiting either firm contracting because of market failures as well as the potential for spreading fixed costs over a larger scale. Such firms will prefer an acquisition to greenfield expansion either in cases when the required assets are socially embedded or when there is an underexploited innovation potential in target firms, which is reflected in their financial and stock market performance. In the later case, the firms wishing to expand will compare the costs of acquiring the assets they need through de novo investment and the costs of acquiring these assets already in place (Hasbrouck, 1985) . Therefore, inefficient targets will be viewed by their acquirers as 'bargains' (Palepu, 1986; Powell, 1997) .
2 Poor innovation performance in terms of new product or process introduction may arise for a number of reasons, such as under-or over-investment in R&D, failure to direct research to the appropriate area, illchosen research projects, inadequate or inappropriate human or physical capital, or management of projects, or simply from the inherent risk of technical failure in innovation programmes.
Thus acquired or target firms should, when compared with other non-targeted firms, be characterised by poor innovation performance in terms of R&D-and patent-intensity and patent stocks.
Methods

The dataset
Acquisitions are defined as deals where the acquiring firm owns less than 50% of the target's voting shares before the acquisition and as a result of the acquisition increases its ownership to at least 50%. Our sample consists of high technology acquisitions, which are deals involving acquirers with some part of their activity in one of the high-tech industries as specified by Hall and Vopel (1996) 1 We focus on acquisitions involving publicly traded firms where the targets are incorporated in the USA. We draw our analysis samples of targets from a 'population' of 829 completed acquisitions with a combined value in excess of a half of a trillion dollars that were announced during the period from January 1984 to December 1998 and were reported in Thomson Financial's SDC Platinum data source. The distribution of this set of acquisitions by year is shown in Table 1 . For a variety of data availability reasons set out below the final samples of acquisitions analysed vary between 317 and 628. In addition to these target firms we also identify 4,124 companies who were either acquirers or non-acquired companies in the SDC platinum database in the period 1984-1998 yielding a final maximum combined sample of 4,752 firms.
The innovation activity of firms in our sample is measured using data on the inputs to the innovation process (R&D expenditure) and innovation output is measured in the form of intellectual property registered as patents. Apart from the raw patent count, we also consider patents in a citation weighted form to proxy for patent value (Griliches, 1990) , given the evidence that the distribution of the value of patented innovations is skewed (Scherer, 1997) . The number of forward citations received by a patent can be affected by its technological field, by the cohort it belongs to and may also be subject to some truncation bias. 2 We therefore employ the number of 'normalised' citations using the 'fixed effects' method, which is described in Hall et al. (2001) (see Section 3.3 for details) In this way, we are able to compare patents across different technology fields and across time.
1 Hall and Vopel's (1996) classification of industries is based on the industry-level R&D-intensity and on an informal assessment of investment horizons. According to these criteria, the high technology sector consists of SIC 28, 35, 36, 37, 38, 48, 73 and 87 . The eight two-digit SIC codes are as defined by Hall and Vopel (1996) 2 The truncation bias reflects the fact that patents applied for closer to the right-end of our dataset will have a smaller 'opportunity' to be cited in subsequent patents.
Financial data and data on R&D expenditure were collected from Datastream and Compustat. Data on patent counts and patent citations were collected from the NBER dataset, which includes all the utility patents granted by the US Patent and Trade Office (USPTO) (Hall et al., 2001) . Moreover, because firms often register patents under their subsidiaries' names, we used Dun & Bradstreet's 'Who owns whom' annual issues to obtain their detailed corporate structure and patent data were aggregated at the parent firm level.
Combining these databases we construct a unique unbalanced panel dataset covering the period 1984-1998, which, as discussed earlier, consists of financial and innovationrelated variables on a maximum of 4,752 US public firms, of which 628 have been acquired. The number of targets in the final estimation sample is less than the full sample primarily because of financial data availability.
1 The sample is restricted further for data availability reasons to 317 acquisitions when we analyse the patent-and citation-weighted patent-based characteristics of firms since only a subset of the full sample is linked to patent assignees at the USPTO. The fall in the size of the sample of targets over which the preacquisition firm characteristics are assessed introduces some bias towards larger firms. The overall median size of all acquired firms equals US$61.2 million (total assets in 1996 constant prices), 1 which is almost the same as the median size (US$61.8 million) of the 628 targets with the required financial data. The bias is more apparent for the sample of firms over which patent-based characteristics are assessed, where the median size of the 317 targets equals US$76.3 million.
The model
The probability of being acquired is modelled on the basis of individual firm characteristics. We employ a logit model to estimate the acquisition probability, since the acquisition incidence in a given year takes strictly non-negative values and hence the classical linear model is inadequate leading to heteroscedastic residuals and predicted probabilities often exceeding unity. The dependent variable is a binary variable which equals one in the year in which a given firm is acquired and zero otherwise. Similar estimation methods have been used in previous empirical work (Hall, 1988 (Hall, , 1999 Palepu, 1986; Powell, 1997) . 
Innovation performance variables
The innovation performance of firms is assessed using proxies for a firm's commitment to R&D, the R&D productivity of its assets, and the stock of the accumulated output of a firm's R&D. Summary statistics of our data are presented in Table 2 .
A firm's commitment to R&D is proxied by its R&D-intensity (see, for example, Blonigen and Taylor, 2000; Hall, 1999; Hitt et al., 1991) . The variable R&D-intensity is calculated by the ratio of R&D expenditure to total assets.
3 According to the US Financial Accounting Standards Board, the accounting requirement for R&D expenditure disclosure is that firms should report their R&D expenditure if it is material (i.e. exceeding 1% of sales). We follow Hall (1999) , in assuming that R&D expenditure is immaterial whenever it is not reported but where data on most of the financial variables are available. A dummy variable (Dummy no R&D) is employed for missing R&D values, which equals one when R&D is missing and R&D-intensity is set equal to zero. We found that the regression results are qualitatively identical with and without this normalisation.
The R&D productivity of a firm's assets is proxied by its Patent-intensity. The variable Patent-intensity is calculated by the ratio of the number of successful patent applications to US$million (1996 constant prices) of total assets. Apart from the continuous variable, a dummy variable (Dummy zero patent-intensity) is employed for firms with zero patentintensity, to distinguish between firms with some versus no innovation output. The patentintensity is also calculated using the number of citations received by forward patents to 1 All financial variables are expressed in constant 1996 prices using the US gross domestic product deflator, which effectively averages how consumers, producers and the public sector experience inflation.
2 A small number of studies of takeover incidence have used hazard rate analysis with right hand side censoring to predict whether a firm is acquired given that it has not been acquired before time t. This approach has some advantages (see, e.g., Dickerson et al., 2002) , but requires consistent data on business age, which is not always available in our dataset and may be a noisy variable given that age is difficult to measure, except in terms of date of first public creation in the current company form. Moreover, it has been shown in the medical literature on mortality that under reasonable conditions the hazard rate and logistic approaches are asymptotically similar, and in many applications reveal essentially similar results (see, e.g., D'Agostino et al., 1990). Dickerson et al. (2002) also report similar sets of determinants of the acquisiton likelihood using logit and hazard rate approaches in terms of statistical significance and sign although the estimated coefficients vary in size between models.
3 Some studies calculate R&D-intensity as the ratio of R&D-expenditure to sales. Because we proxy firm size by total assets, we use the same variable in the denominator of the ratio for consistency reasons.
account not only for the quantity (raw patent count) but also the quality of the patented inventions. In order to account for possible biases arising from differences across patent technological field and cohorts we employ the number of 'normalised' citations by dividing the number of citations that a given patent received with the average number of citations received by all patents that were applied for in the same year within the same technological classification (Hall et al., 2001) .
The accumulated output of a firm's R&D is proxied by its Patent Stock. The variable Patent Stock is calculated from the flow of successful patent applications using the standard perpetual inventory formula (see Hall, 1990 ). The patent stock at time t equals the last period's patent stock, after depreciation at rate d (assumed 15%) is deducted, plus the number of patents at time t.
This variable, contrary to the other innovation proxies providing information for the last pre-acquisition year, has 6-7 years memory. In order to reduce the large variance of patent stock across firms and fulfil the assumptions necessary for the validity of regression inferences, it is transformed in natural logarithm (ln) terms. We proxy for the accumulated innovation stock using the stock of patents rather than of R&D expenditure, because the patent series do not suffer from the widespread time discontinuities present in the R&D expenditure series. The patent stock is also calculated using the number of normalised citations received by forward patents.
Economic performance variables and other control variables
In accordance with earlier studies on modelling the acquisition likelihood (Hall, 1988 (Hall, , 1999 Palepu, 1986; Powell, 1997) , the set of firm characteristics that were considered to Notes: R&D-intensity is reported both unadjusted and adjusted where missing observations are assumed to be zero if data on all the financial variables considered are available. SD, standard deviation. model the acquisition probability include control variables accounting for a firm's economic performance, its size and financial resources.
The likelihood of being acquired has been found to be negatively related to economic performance (Agrawal and Jaffe, 2003; Dickerson et al., 2002; Hasbrouck, 1985; McConnell and Martin, 1991; Morck et al., 1988; Palepu, 1986; Powell, 1997) .
1 The economic performance is assessed along three dimensions. Total Asset Growth is employed as a proxy for firm growth. It is calculated by the annual growth of total assets measured in real terms. Operating Return is employed as a proxy for a firm's profitability. It is calculated by the ratio of earnings before interest taxation, depreciation and amortisation (EBITDA) to total assets. Similar to Hall (1999) , apart from the continuous variable, a dummy variable (Dummy Op. Return Negative) is employed for very negative operating returns, that is for EBITDA losses of more than half the firm's total assets, in which case the continuous variable is set to zero. Tobin's q, having a forward looking numerator, is employed as a proxy for a firm's growth opportunities (Gugler et al., 2004; Powell, 1997) . However, the interpretation of its effect on the acquisition likelihood should be treated with care, since it is also likely to reflect stock misvaluations (Morck et al., 1988; Rhodes-Kopf et al., 2005; Shleifer and Vishny, 2001) . Therefore, its interpretation should be made in the light of the results about targets' economic and innovation performance. Tobin's q is calculated by the natural logarithm of the ratio of total assets plus the market value of common equity minus the book value of common equity to total assets (see Andrade and Stafford, 2004; Blanchard et al., 1994; Kaplan and Zingales, 1997) . It has been argued that the acquisition probability is negatively related with firm size because of the 'transaction costs' of target absorption (Palepu, 1986; Powell, 1997) . The variable Total Assets is employed as a proxy for firm size. It is measured in US$thousands (1996 constant prices) and it is expressed in terms of the natural logarithm. We have chosen this specific size measure because it has the best coverage among all the alternatives considered (sales, number of employees). A similar size proxy has been used in other studies (e.g. Powell, 1997) . In addition, after some preliminary analysis, which suggested that targets tend to be larger than 'normal', a squared term of the size proxy was introduced as we suspect the existence of a non-linear relationship between size and the acquisition likelihood (Dickerson et al., 2002 (Dickerson et al., , 2003 Hughes, 1993) . 3 The availability of financial resources has been identified as a crucial determinant of the probability of being acquired (Palepu, 1986) . It has been argued that acquirers may prefer to acquire firms with high liquidity and low leverage to reduce the leverage of the combined company (Eddey, 1991) . Leverage is employed as a proxy for a firm's sources of finance and its financial risk. It is calculated as the ratio of long-term debt to the book value of common equity. Liquidity is employed as a proxy for a firm's ability to meet its short-term obligations from its current assets. It is calculated as the ratio of current assets to current liabilities.
All covariates have been lagged by one year to avoid endogeneity problems. Because we find evidence for the existence of some influential outliers, data are winsorised at 1% (0.5% from each side). Finally, industry and time dummy variables are added to the set of the control variables. They are employed to control for industry-specific factors, such as technological change and restructuring, as well as for stock market fluctuations (Gort, 1969; Mitchell and Muhlerin, 1996; Shleifer and Vishny, 2001) . In this way, we account for the possibility of time or cross-sectional dependence of deals (Beck et al., 1997) . 
Results
The innovation characteristics of firms and the acquisition likelihood
Given the cross-section and time series nature of our dataset we initially considered panel data estimation methods, which have the advantage that they allow us to account for some unobserved heterogeneity across firms. However, we found that the proportion of total variance contributed by the panel variance component equals 2.53e-07 and the hypothesis that the panel-level variance component equals zero could not be rejected at the 5% significance level.
2 As a result the estimates from the panel estimator were identical to those from the pooled estimator and, hence, only the pooled logit model estimates are reported. Robust standard errors to within-firm serial correlation are calculated, since even if firmspecific effects are uncorrelated with the regressors, the composite errors might be serially correlated due to the presence of a firm-specific effect in each time period.
In order to check for possible biases that may arise from missing observations for some of the regressors and the endogeneity of patents on R&D, we estimate five regression specifications of the logit model (see Table 3 ). The first three regressions assess the effect of each of the three innovation characteristics (R&D-intensity, patent-intensity, patent stock) on the likelihood of becoming acquired, while controlling for some key firm characteristics (total assets, total asset growth and operating return). The first regression examines the effect of R&D-intensity, while the other two regressions examine the effect of patentintensity and patent stock, in raw and citation-weighted form. Specification (4) includes R&D-intensity, patent-intensity and patent stock in citation-weighted form contemporaneously, while controlling for key firm characteristics. Specification (5) includes the same innovation variables and controls for the full set of firm characteristics (total assets, total asset growth, operating return, Tobin's q, leverage and liquidity). The largest sample is utilised in specification (1) where there are 32,342 observations on 4,752 firms of which 628 are acquired, and it falls to 10,702 observations on 1,288 firms of which 166 are acquired in specification (5). For all five regressions the Chi-squared test rejects the null hypothesis that the model as a whole does no better than simply using a constant term (P < 0.01 in all cases). The modest value of the likelihood ratio index, ranging from 4% to 7%, is not surprising, given that comparable or even lower levels are reported in previous relevant studies (Hall, 1999; Palepu, 1986; Powell, 1997) . The firm characteristics that are 1 Industry groups are defined at the two-digit SIC level, with the exception of firms in SIC 283, which are distinguished from those in SIC 28 (excluding 283), since they are likely to have distinct characteristics, such as a significantly higher R&D-intensity. 2 The result that unobservable firm characteristics are not important in explaining the likelihood of becoming acquired could be taken as evidence that the acquisition activity of high technology acquirers is not directed towards firms with non-quantifiable resources and capabilities. This fact increases the likelihood that, to the extent that targets have particular characteristics, these characteristics should be reflected in our independent and control variables. ***P < 0.01; **P < 0.05; *P < 0.1. Notes: The estimated coefficients (Coef.) and corresponding standard errors (SE) are reported in terms of marginal effects evaluated at the averages of the regressors and the coefficients are multiplied by 100. Robust standard errors to within-firm serial correlation are reported in parentheses. In all regressions the base industry is SIC 283 and the base year is 1998. employed as regressors are found to be jointly significant by a likelihood ratio test in all three regressions. However, a part of the explanatory power of the model seems to come from the year and industry dummies, which are also jointly significant.
The results shown in Table 3 are reported in terms of marginal effects evaluated at the averages of the regressors and the coefficients are multiplied by 100 for clarity of exposition. We consistently find that the acquired firms have a significantly higher R&D-intensity compared with non-acquired firms. This finding is robust to the different specifications that are employed. Although no linear relationship between patent-intensity and the acquisition likelihood emerges, we obtain a significantly positive coefficient of the dummy for zero patent-intensity in both raw and citation-weighted form. This suggests that firms that are acquired are more likely to have a zero patent-intensity and this dummy is equal to unity for more than half of the acquired firms. Despite the finding for a zero patent-intensity in the year before the acquisition, there is evidence that the firms acquired tend to have a significantly larger patent stock compared with non-acquired firms. As can be seen from Table 3 , these relationships are not sensitive to the inclusion of R&D-intensity and the control variables.
In relation to the control variables, the likelihood of a firm being acquired is positively related to firm size, but only up to a certain level, after which it decreases as the significantly negative squared term for firm size suggests. The likelihood of being acquired reaches its maximum for firms with total assets of about ln 12.7, while the mean for all firms in the regression is ln 11.5 [data from specification (5)]. There is some indication that the acquisition likelihood is higher for firms with very negative operating returns and with significantly low liquidity.
In order to assess the size of the contribution of each of the three innovative firm characteristics to the acquisition probability, we examine how the probability changes given a marginal movement in each of these variables that is equal to their standard deviation. We focus on the statistically significant coefficients from specification (5). A marginal increase in the R&D-intensity raises the probability of making acquisitions by 0.0014 [ marginal effect of R&D-intensity evaluated at sample means of regressors (0.0091) 3 standard deviation of R&D-intensity (0.1573)], or by 9.3% had the probability previously been at its sample mean value. In relation to the citation-weighted patentintensity, the derivative figure for the dummy for zero citation-weighted patent-intensity indicates that having a zero citation-weighted patent-intensity versus having a positive intensity increases the acquisition probability by 0.0024, holding other factors constant. Thus, a marginal move in the dummy increases the acquisition probability by 0.0029, or by 18.6%, had the probability previously been at its sample mean. Finally, a marginal increase in the citation-weighted patent stock increases the acquisition probability by 0.0020, or 12.8%.
Taken together, these results suggest that targets tend to have a high R&D-intensity, a large accumulated patent stock, but zero patent-intensity in the year before acquisition. Interestingly, the results suggest that the innovation characteristics of firms contribute to the explanation of the acquisition likelihood over and above the financial characteristics of firms, at least in a high technology environment.
Sensitivity checks
There is evidence in the acquisition literature that the determinants of the probability of being acquired change over time (Dickerson et al., 2003; Powell, 1997) . In particular, because of the equity price rally since the mid-1990s, one might suspect that a large part of the acquisition activity has been driven by stock market misvaluations (Gugler et al., 2004; Rhodes-Kropf et al., 2005; Shleifer and Vishny, 2001) . We check the robustness of our results by splitting our sample period into two subperiods: from 1984 to 1994 and from 1995 until 1998. During the 11-year period 1984-1994 the S&P 500 return index rose by 300 points to 465 points and 419 public high technology firms were acquired; during the four-year period 1995-1998 the S&P 500 index rose by 505 points to 970 points and 410 public firms were acquired (Datastream and SDC data).
1 Table 4 reports results for our regressions including R&D-intensity, patent-intensity and patent stock in citation-weighted form and control variables.
The coefficient of R&D-intensity is significantly positive in both subperiods in specification (1), and in the first subperiod in specification (2). In the first subperiod, we find evidence for the existence of a negative relationship between citation-weighted patent-intensity and the acquisition likelihood in both specifications. This relationship becomes weaker in the second subperiod, when the sign of the continuous variable becomes positive and insignificant, but we now obtain a significantly positive coefficient for the dummy for zero citation-weighted patent-intensity. The coefficient of the citation-weighted patent stock is consistently positive but it is statistically significant only in the second subperiod in specification (1). In relation to the financial variables, it is interesting to notice that the evidence for a poor pre-acquisition operating return holds only in the first subperiod. We obtain a significantly negative relationship between operating return and the acquisition likelihood in the first subperiod, which is also statistically significant in specification (1). However, this relationship is reversed in the second subperiod, where the operating return coefficient also becomes statistically significant in specification (2). Apart from some indication for low financial liquidity in the first subperiod, no other significant relationship emerges. We conclude that the finding that the firms acquired are characterised by innovation and economic underperformance holds more strongly in the first subperiod. One possibility is that the explanatory power of neoclassical views of acquisitions, such as the market for corporate control hypothesis (a variation of which is tested), weakens during periods of stock market valuation waves (Hughes, 1993; Rhodes-Kropf et al., 2005; Shleifer and Vishny, 2001) .
Finally, we check whether our results are sensitive to the size normalisation that we have employed. Given that assets are an accounting-based measure, the variable total assets is subject to potential problems. We re-estimate the logit regressions when R&D-intensity and patent-intensity are normalised by sales and firm size and growth are calculated using sales and sales growth. As can be seen from Table 5 , the innovation-related results from both specifications are qualitatively identical to those from the corresponding specifications of Table 2 . In relation to the controls, there is evidence that targets are somewhat larger and they tend to experience lower performance than average.
Further analysis: acquired versus acquiring firms
Having studied the innovative characteristics of targets relative to non-acquired firms, we examine for each couple (i.e. acquirer and target) in a particular acquisition their relative 1 To test for a structural break we chose the year 1995 by inspection of the daily returns of the S&P500 index. The likelihood ratio test for a structural break in 1995 confirms the structural break hypothesis (LR Test 5 1481.3, P < 0.01). Estimation of a single regression over the full period from 1984 to 1998 could thus lead to biased parameter estimates. 1984-1994 1995-1998 1984-1994 1995-1998 Regressor -839.4 -622.9 -508.9 -269 .0 ***P < 0.01; **P < 0.05; *P < 0.1. Notes: Patents are measured in citation-weighted form. The estimated coefficients (Coef.) and corresponding standard errors (SE) are reported in terms of marginal effects evaluated at the averages of the regressors and the coefficients are multiplied by 100. Robust standard errors to within-firm serial correlation are reported in parentheses. In all regressions the base industry is SIC 283 and the base year is the final year included in each subperiod.
characteristics using a univariate analysis. The couples of firms are compared with respect to the same proxies for innovation and economic performance that we considered above. The median differences for the variables across all the couples of acquiring-acquired firms with available data are reported in Table 6 . The differences are calculated both in an unadjusted form (target minus acquirer) and a control-adjusted form in order to control for industry, time and firm size effects (Barber and Lyon, 1996) . Each acquiring (acquired) firm is matched to a control non-acquiring (non-acquired) firm from the same industry matching size similarities as closely as possible.
1 Then, for each variable we calculate the difference between a target firm minus its matched control and its acquirer minus its ***P < 0.01; **P < 0.05; *P < 0.1. Notes: Firm size is proxied by Sales; R&D-intensity and Patent-intensity are normalised by Sales. Patents are measured in citation-weighted form. The estimated coefficients (Coef.) and corresponding standard errors (SE) are reported in terms of marginal effects evaluated at the averages of the regressors and the coefficients are multiplied by 100. Robust standard errors to within-firm serial correlation are reported in parentheses. In all regressions the base industry is SIC 283 and the base year is 1998. ***P < 0.01; **P < 0.05; *P < 0.1. Notes: Sample targets and acquirers are matched with control firms by industry and firm size. %Positive is the proportion of positive differences of the total number of non-zero differences. Statistical significance is assessed using a two-tailed Wilcoxon matched-pairs signed-ranks test for the median differences, and a two-tailed Sign test for the percentage of positive differences. matched control. This method allows us to compare the characteristics for 212 couples of acquiring and acquired firms.
1 Apart from the median difference, the table also reports the proportion of positive differences in the total number of non-zero differences. The null hypothesis of no difference in the distributions between acquiring and acquired firms is tested by the Sign test and the Wilcoxon signed-rank test.
The results suggest that the acquired firms are significantly more R&D-intensive than their acquirers. However, this difference disappears once we estimate the median controladjusted difference. This implies that the high R&D-intensity of targets should be attributed to industry or firm size effects rather than to particular acquisition patterns. The control adjusted comparisons reveal that targets are not different in R&D-intensity terms from their acquirers. In relation to patent-intensity, there is some evidence that the acquired firms tend to have lower unadjusted and control-adjusted patent-intensity although the median differences are statistically insignificant. However, targets' low patent-intensity becomes economically and statistically significant once patents are expressed in citation-weighted form in both unadjusted and control-adjusted terms. As far as patent stocks are concerned, the results suggest that targets have a significantly smaller unadjusted and control-adjusted patent stock in both raw and citation-weighted form. Therefore, the innovation underperformance of the acquired firms in the immediate pre-acquisition period that has been detected when acquired firms are compared with nonacquired firms, also holds when targets are compared with their acquirers. In fact, targets' innovation underperformance becomes clearer when they are compared with their acquirers. The same is true with targets' poor economic performance. Targets appear to experience significantly slower growth, lower operating returns and Tobin's q in both unadjusted and control-adjusted terms. Results are less clear with respect to leverage and liquidity, except that there is some evidence that targets lack liquidity once industry and firm size effects are accounted for.
Discussion and conclusion
Despite an extant literature examining the role that acquisitions of entrepreneurial start-ups can play as part of the innovation strategy of large high technology firms (Dushnitsky and Lenox, 2005; Granstrand and Sjolander, 1990; Puranam et al., 2003) , our understanding of the innovation-related rationale behind acquisitions that involve large publicly traded firms is surprisingly limited. The main contribution of this paper is the systematic analysis of the innovative profile of the publicly traded firms that are acquired in high technology deals. Although, the results from the analysis suggest that acquisition is a noisy phenomenon and that firm characteristics explain only a modest part of the likelihood of becoming a target, we find evidence that innovation-related variables contribute to the explanation of the acquisition likelihood over and above financial variables that have been employed in the acquisition literature (e.g. Dickerson et al., 2003; Palepu, 1986; Powell, 1997) .
The results from our analysis suggest that, in broad terms, although targets tend to be firms with a relatively high R&D-intensity and a large patent stock, they are more likely to have a zero or low pre-acquisition patent-intensity compared with non-acquired firms.
1 The 212 deals analysed are deals where both the acquiring and acquired firms are incorporated in the USA and where the required data are available for both firms. The number of deals with data on some of the financial variables (Tobin's q, leverage, liquidity) falls because data on these variables were missing from the matched controls to the sample firms.
With respect to other target characteristics, we find evidence that targets tend to be somewhat larger than non-acquired firms, and they are relatively more likely to experience poor profitability and low liquidity. The underperformance of the target firms becomes clearer when they are compared with their acquirers. Compared with their acquirers, targets have comparable R&D-intensity, but a significantly smaller patent stock and significantly lower patent-intensity. Targets also appear to be growing at a slower pace, to have poor growth prospects and to be less profitable compared with their acquirers.
It should be noted that the negative relationship between innovation and economic performance and the likelihood of being acquired has weakened since the mid-1990s, which is a period characterised by a stock market boom. This result is likely to reflect stockmarket related explanations of acquisitions, which have been studied elsewhere in the general acquisition literature (Gugler et al., 2004; Hughes, 1993; Rhodes-Kropf et al., 2005; Shleifer and Vishny, 2001 ). According to the misvaluation view of acquisitions, acquisition activity is correlated with valuation waves either because in such periods overvalued acquirers can use their stock as a currency to pay for relatively less overvalued targets (Shleifer and Vishny, 2001) , or because overall valuation errors are correlated with over-estimation of takeover synergies making it more likely that targets will accept bids (Gort, 1969; Rhodes-Kropf et al., 2005) . It appears that the explanatory power of neoclassical views of acquisitions such as the market for corporate control hypothesis-a variation of which has been tested here-weakens during periods of stock market valuation waves (Hughes, 1993; Rhodes-Kropf et al., 2005; Shleifer and Vishny, 2001 ).
1
Our findings shed light on the rationale behind acquisitions of public technology firms. We find that targets are more likely to have zero or low patent-intensity before they are acquired relative to non-acquired firms, despite being highly R&D-intensive. We also find that they have lower patent-intensity relative to their acquirers, despite a comparable R&D-intensity. These findings are broadly consistent with the 'inferiority' explanation. However, the finding that targets tend to have a large accumulated patent stock (which is calculated over the 6-7 years pre-acquisition) relative to non-acquired firms implies that these firms are acquired when they are underperforming relative to their long run average. It appears that, although targets are indeed actively involved in R&D and have succeeded in the past in generating innovation output, recent shortfalls in their R&D pipeline, particularly when accompanied by poor economic performance, turn out to be enough to increase the likelihood of being acquired. It is interesting to notice that our findings are similar to those of another high technology specific US study of Addanki (1986) . Despite differences in sample periods, in both studies publicly traded firms acquired are likely to be R&D-intensive firms without any valuable pre-acquisition patenting activity. These findings also echo studies that focus on financial effects where short-term profitability is found to be a more powerful predictor of takeover than medium-or long-term profits (e.g. Cosh and Hughes, 2008; Hughes, 1993) .
Our study has important implications for the acquiring firms' post-acquisition integration strategy. The finding that the acquired firms tend to be innovatively and economically inefficient in the immediate pre-takeover period implies that a key determinant of value creation will be the capability of the acquiring firms' management to transfer successfully their 'superior' capabilities to the acquired business units. In other words, the success of such acquisitions will depend on whether the acquirer deploys its resources and capabilities to address the factors that inhibit the target's recent performance reaching its full potential. The literature on acquisition implementation and integration (Bresman et al., 1999; Capron and Mitchell, 1998; Haspeslagh and Jemison, 1991) suggests that this is a highly complex issue and requires proactive and careful action from the acquiring firm's side.
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